Abstract
Introduction
Many engineering institutions across Canada already have begun implementing strategies to meet Canadian Engineering Accreditation Board's (CEAB) new accreditation requirements, which will be enforced in 2014. There are generally two approaches taken: course assessment and program assessment.
In the course assessment approach, instructors develop credible and justifiable outcome statements for their courses. The outcome statements of a subset of courses are mapped to the 12 CEAB attributes, to show compliance with the new accreditation requirements [1] . The instructors measure student acquisition of the outcomes through assessment tools (assignments, tests, labs, exams) that validly assess the outcomes in integrative ways. The institution integrates the results over all courses in the subset, to achieve an assessment of the program [2] [3] [4] . This approach relies on the assumption that students will not have forgotten course outcomes at the time of graduation, which is debatable. Another assumption is that course outcomes had been developed to align with and support previously defined program objectives, which, in turn, had been previously defined to align with and support CEAB's new attributes. But, this is not likely, given the fact that CEAB's new attributes have been introduced after program objectives have been made. Consequently, the course assessment approach may not satisfactorily substantiate claims that student learning at course completion will support the goals and objectives of the program and CEAB's new attributes [5] .
Program assessment is intended to be performed after graduation, and is much broader in scope. It is more difficult to implement and there are inherent problems with the program level approach to assessment. Most institutions do not have means to track the professional careers of their graduates, or to record which engineering firms they have been employed at, if any. Furthermore, some graduates don't find jobs in the area of their expertise, and some find non-engineering jobs. Moreover, some graduates take a leave of absence before entering the workforce, and consequently, their abilities would not be indicative to the same degree were the assessments done at the time of graduation.
To implement a program assessment, one of the first steps is to identify the stakeholders, such as instructors, industry, department heads, deans, students, and alumni. Questionnaires, surveys, or other assessment tools need to be developed for each type of stakeholder, and arrangements need to be made to administer them. There have been many out-of-date and current surveys implemented in the past [6] [7] [8] . Currently, industry representatives have been inundated with several surveys of heterogeneous format, all with the same objective, to inquire about the "expected" as well as "observed" levels of ability of a new graduate of an engineering program. To avoid annoying industry, Cloutier has been working on a unified industry survey [9] . This paper's contribution is the design and development of a forum for an Industry Focus Group (IFG) [10] to assess the undergraduate engineering program at the University of Manitoba. An IFG forum gives the participants the opportunity to discuss expected abilities of new grads among themselves, and they can brainstorm, debate, and present new ideas between other professionals in their industry. The cumulative experiences of the participants can be made to bear results which are representative of the group, and not necessarily of the individual, to which surveys are bounded [11] . This paper extends the work reported in [11] and shares the experiences and analysis of the results of an IFG meeting which was held on 22 February 2011.
The remaining parts of this paper are organized as follows: Section 2 gives a detailed description of the design, development, and results of the IFG forum. Section 3 presents an analysis of the results, and the conclusions and future plans are given in Section 4.
IFG Process, Design, and Development
One of the most important aspects of creating an industry focus group forum for assessing an educational program is the appointment of a suitable manager and organization to undertake the event. The manager should have significant and dual experience in industry and academia, and the organization should be a third party -to remove any potential biases.
In this work, the forum was organized and planned under the auspices of EduManCom, which is a Chapter of the IEEE Winnipeg Section. EduManCom is the joint Chapter of the Education Society, the Engineering Management Society, and the Professional Communication Society. As a professional engineering society, EduManCom serves the local professional community, including the professional engineer. This IEEE Chapter, EduManCom, is a good host to organize the IFG forum, because it acts as an unbiased intermediary between industry and academia, with the sole goals of improving engineering education, and serving the professional engineering community, industry, engineering graduates, and academia.
The manager of the forum should have ideally concurrent experience (~10 years) in local industry and academia. With concurrent experience the candidate will be intimately familiar with the needs of local industry and the engineering program. The person should have established many personal and professional contacts within the industry, which can be utilized to recruit participants. Industry members would be more inclined to help with the betterment of an engineering program if the request came from a trusted colleague. Furthermore, the candidate should have established a sound research program in engineering education and one who is familiar with the historical engineering program at the University. Thus, a trusted reputation in the industry, while being concurrently a driving force for improving engineering education, is an optimal choice for the manager of the IFG forum.
Identifying Potential IFG Members
A database of email addresses and contact information of potential members of the IFG was created using several sources of information. The primary source was through personal and professional contacts. However, requesting that key members of a company distribute the invitation to participate in the IFG to other relevant members of the company proved to increase the credibility of the request and increase the number of potential participants. Also, co-op and internship contact lists, which have been used to contact potential employers for undergraduate students during their program of study, and which were readily available from the Department and Faculty of Engineering offices, were obtained. Furthermore, the contact list of the IEEE Society -Winnipeg Section was obtained and entered into the list. Finally, the Association of Professional Engineers and Geoscientist of Manitoba (APEGM) was contacted to utilize their list of engineering professionals in the province.
Creating an Invitation Letter
An invitation letter was created and sent by email to the list of industry members. The invitation letter stated that the IEEE society for Education, Management, and Communication (EduManCom) is undertaking a new initiative aimed at assisting to improve engineering education at the University of Manitoba. The objective of the initiative is to identify the core knowledge that is needed by new graduates entering the workforce, and feeding this information back to curriculum design and developers of the engineering program at the University of Manitoba, with the intent they will use this information to reform and redesign the curriculum. This activity requires the participation of a local industry focus group (IFG), whose task would be to identify the core knowledge, which is required by their industry, but that is missing from new graduates of an engineering program. The IFG will be implemented as a forum, with professionally facilitated brainstorming session, discussions, and debates. The forums will be held locally three times per year, but future plans include implementing them nationally. The first series of industry forums will be held in the Winnipeg region, and the results of that session will be documented in an upcoming issue of EduManCom's magazine, Engineering Education, Management, and Communication.
The letter went on to state that the forum will give participants the opportunity to give back to their alma mater and the community. The forum will give participants the opportunity to express and convey a better understanding of their local industry, and to impart their experiences in regards to what industry values and expects from those engineers who work within it.
Creating an Orientation Package
An orientation package was sent to the participants one week prior to the event. The package contained the agenda of the meeting, location and lunch menu for the meeting, background description on the new CEAB accreditation criteria, a detailed description of the process to be followed in the meeting, and a timeline for completion. It was very important and critical to explain the process and content of the meeting, and to communicate this to the participants with enough time (one week) for the participants to read, understand, and become familiar with what will transpire during the meeting. The orientation package also contained a workbook, which was to be used to enter data during the meeting for various stages of the process.
Booking a Venue
An appropriate venue was booked. It was intended that the forum not appear as just another "academic exercise." Accordingly, the meeting was held offcampus, and at a central location. The meeting room offered free wireless Internet service, which was found to be very important as the participants needed to check their email during the breaks. A data projector with screen was also required for the presentation and display of results. There was also free parking (with plug in!), water and coffee service, and writing pads with pens. It was found that a separate lunch room, away from the meeting room, allowed participant to network, and well as discuss the topics of the meeting.
Establishing Role of Academic Participants
The meeting organizer (i.e., the facilitator) differentiated the roles of those participants from industry and those attendees from academia. The meeting's goal was to obtain the perceptions and priorities of industry participants. The primary role of academic participants was to be observers of the process and to clarify any curriculum issues.
The facilitator explained to the group that the central part of the session was identification of knowledge, skills, and attitudes that are missing or lacking in new graduates. Industry members will be the participants generating these gap ideas through discussions and brainstorming methods, and they will vote on the prioritization of the identified gaps. Academic guests can take part in the discussion, but academic attendees shall not vote on priorities.
Constraining Outcome Statements Design
The facilitator gave a brief summary of the role of the Canadian Engineering Accreditation Board (CEAB), highlighting the new accreditation criteria [1] . The 12 CEAB attributes were discussed and listed in the participant's orientation package. As well, it was explained that engineering programs across Canada are expected to continually improve. As CEAB demands: "there must be processes in place that demonstrate that program outcomes are being assessed in the context of the graduate attributes, and that the results are applied to the further development of the program [1] ." The facilitator explained that a key contribution of the IFG forum was to be a process whereby program outcomes are being assessed in the context of the graduate attributes, and that the results are applied to the further development of the program.
The facilitator explained that the Industry Focus Group's identification of missing or lacking attributes of new grads must be categorized under the 12 CEAB attributes, as listed in their orientation package. A learning outcome not classified under one of the 12 CEAB attributes may not be recognized by the CEAB. Learning outcomes not recognized by the CEAB do not count as a measure of accreditation. A program falling short of accreditation measures may be denied accreditation. Graduates of a non-accredited program would not directly be able to apply for licensure to practice engineering, and this may impact local industries ability to hire new grads.
Process to Create Learning Outcomes
In the first step of the meeting, a brainstorming session was implemented to elicit and identify gaps in knowledge, skills, and attitudes which employers need to deal with in regards to the initiation and assimilation of new engineering graduates into their company. The entire group took part in this session. The facilitator asked the following trigger question: While the facilitator led the brainstorming session, extracting gap ideas from the participants, the facilitator's assistant converted each idea to a subject area. It was found that the assistant provided a great help in this process, particularly since raw ideas presented by the participants needed to be processed in real-time to extract the subject area. In theory, the conversion of gap idea to subject area can be done simply by extracting the nouns and noun phrases. However, the assistant often found that she needed to reword gap areas into the most likely intention.
After the group had completed and reviewed the subject area list, each participant was asked to identify the three most important subject areas in order to prioritize them.
The second step of the meeting asked the participants to assign the IFG's 21 identified subject areas to CEAB attributes. The facilitator instructed each table to select a note-taker and a spokesperson to record their thoughts.
The third step of the meeting asked the participants to assign desired proficiency levels (from CDIO [6] ) to the 12 CEAB attributes. The facilitator explained that, typically, not all CEAB attributes have the same weight and the same level of importance in their business areas. As well, this step of the meeting was to highlight that developing mastery in the subject areas is an ongoing professional process that may be initiated during the undergraduate program, but continues during professional practice.
The final step was to select an appropriate Bloom verb as the desired proficiency level for each of the subject areas. Table 3 shows a summary of the resulting learning outcome statements generated by the participants of the IFG.
Forum Analysis

Background of Participants
Based on the responses received from the invitation, there was a 94% acceptance rate. Most of the reasons of rejection were because of time conflicts and other commitments. There were 20 participants at the first meeting. This number was found to be manageable, as it gave ample opportunity for everyone to speak informally. The contact information of the participants included name, email address, title and position within the company, company name, industry sector, and educational background. There was a broad range of industry sector representation as shown in Table 1 . 75% of the participants were University of Manitoba engineering graduates, spanning the past 25 years. This percentage was an ideal situation, because they were intimately familiar with the engineering program at the University. The remaining 25% of the participants were engineering or college graduates from other Canadian provinces and states in the US.
Subject Area Validation
The IFG generated subject areas were compared with other similar industry surveys. May and Strong conducted an extensive survey in which 294 industry representatives responded [7] . Table 2 compares the weaknesses of the new engineering graduates as perceived by the industry respondents of study [7] to the prioritized subject areas of the gap subject areas of new grads of this study. Foremost, it is remarkable that many similar topics are shared between the two studies. From a semantic point of view, a weakness is a priority for change, and is another way of saying something is missing (gap). However, a priority may not necessarily be a weakness. For instance, a desire of industry may be a required skill, which, if lacking, is not necessarily a weakness, because the skill may be recognized as difficult to attain; nevertheless, it is a priority.
The IFG felt that "Critical Thinking" was the most important attribute which was lacking in new grads. This area was also the number 1 weakness. From the discussions that went around the tables, the facilitator felt that the participants did not necessarily mean critical thinking was lacking, but that critical thinking was the most important attribute of engineering employees, and that it would be nice if new grads had a high skill level in this area. The participants mentioned that the critical thinking skill about realworld engineering problems was difficult to impart to employees through training or other means, and, so, engineering education should help them more with this by stressing real-time and on demand critical thinking about real-world engineering problems and their solutions. The suggestion was that perhaps there is too much requirement for students to regurgitate information on tests and exams, whereas they should be given more open ended and unfamiliar problems, to provide them with practice for thinking "on their feet."
In the comparison of Table 2 , there was a high correlation of the relative importance of communication skills, which, as noted by other studies, seems to be an ongoing problem, and continues to playgue architects of engineering education. The development and design processes were fairly well correlated between the two studies, which suggest that the desired ability of new graduates to be familiar with and follow well known engineering design processes continue to be problematic. It was noted that a computer engineering course in the Department of ECE deals specifically with the systems engineering process, but that this course is not offered to the electrical students.
There were notable differences between the two studies. For example, a relatively high weakness of engineering graduates was "Business Skills." While the participants of the IFG mentioned that business skills were lacking in new graduates, they felt that other subject areas were more important.
The IFG felt that new graduates were lacking in the ability to perform risk assessment, and this topic was discussed by many participants at the forum. Furthermore, many participants mentioned that new grads were unfamiliar with engineering standards, and they lacked the ability to quickly pickup and apply a standard to a specific problem.
Concluding Remarks
This paper presents the results and analysis of an industry focus group forum to assess the undergraduate engineering program at the University of Manitoba. There were 21 gap areas identified, and they were assigned to the 12 Canadian Engineering Accreditation Board attributes, to validate the gap areas and to relate them to standards of engineering education. Proficiency levels were assigned to establish expected performance levels of new graduates in each of the identified gap areas. Finally, a revised Bloom's taxonomy of educational objectives was used to assigned verbs to the identified subject areas to complete the learning outcomes statements.
A conference style industry forum is being planned, in which local industry would provide presentations and answer questions about their business and requirements for new engineering graduates. Students from all years in the program, as well as academics would be the intended audience. The industry conference would expose students to topics that are not necessarily discussed in depth as part of the normal curriculum, but that are likely to be important after they graduate. Topics would range from social and behavioural aspects, like how to write a resume and behave during a job interview, to highly technical aspects, like how to manage complex system development and apply engineering standards to common problems. The industry forum would be an opportunity for presenters to communicate a better understanding of their industry, and an opportunity for students and academics to learn more about what industry values and expects from those engineers who work within it.
